A total of 496 workers who were affected by VWF during the period 1955-82 were followed up to observe the consequences of VWF. These subjects were selected from a total of 1,586 chain saw operators who had used chain saws as a professional operator during some of the years from 1955 to 1982 in the national forests on Kyushu Island, Japan. In 1997 the authors had verified the current status and the course of VWF by direct interviews. A life table Product Limit method analysis of VWF prevalence was carried out to describe the consequences of VWF from the time the use of chain saws ceased. Out of the total number of subjects it was possible to follow 488 workers (98.4%) to ascertain their current states. Fourhundred and eighty-one (98.6%) workers had retired and of these 124 (25.4%) had died. The rate of prevalence of VWF fell continuously after the use of chain saw ceased from 29.3% to a final value of 18.8% after more than 20 years' observation. It was observed that the percentage prevalence depended significantly on the severity: 87% for the subjects with stage 3, 53% for stage 2 and 17% for stage 1. The time course of the rate of recovery from moderate VWF differed from that of severe VWF. Peripheral neuropathies and sympathetic disturbances were predominantly o b s e r v e d i n s e v e r e s t a g e V W F c a s e s i n pathophysiological examinations.
There is still some debate as to whether or not vibration induced white finger (VWF) is reversible, but there were a small number of observational studies which have indicated a relationship between vibration exposure, severity of VWF and reversibility of VWF. Earlier studies had suggested that stage 3 VWF was irreversible, and this might prove to be correct 1, 2) . The authors carried out 14 yr of follow up studies of VWF from the time the use of chain saws ceased 3, 4) . According to those studies the reversibility of VWF depended on its severity. The current status of those subjects who had been affected by VWF was observed to clarify the changes in VWF more than 20 yr after the use of chain saw had ceased.
Methods
A total number of 496 workers (31.3% of the total number of chain saw operators) who were affected by VWF during the period 1955-82 were followed up to observe the consequences of VWF. These subjects were selected from a total of 1,586 chain saw operators who had used chain saws as a professional operator during some of the years from 1955 to 1982 in the national forests on Kyushu Island, Japan. All of these suffering workers have received treatment by physicians in charge under the guidelines established by the Japanese Forestry Agency.
VWF and other consequences were certified by asking each person to complete a questionnaire. Answers were verified by comparing them with inquiries and medical records made by the regional forest office and with the results of compulsory annual medical examinations conducted by physicians beginning in 1965. The work history of the subjects was confirmed by examining routine production records kept by the regional forest office. In 1997 the authors had verified the current status and course of VWF in 496 workers by direct interviews (a small number by mail). A life table Product Limit method analysis of VWF prevalence was carried out to describe the consequences of VWF from the time the use of chain saws ceased. For each worker it was determined whether or not VWF had disappeared. The observation time then ran from the starting time to the date of disapperance or, if VWF did not disappear, to the end of the corresponding follow up period.
The statistical significance of the percentage prevalence curves was assessed by the difference in the chi-squared goodness of fit statistic by using the Mantel-Haenzel procedure.
Furthermore, a case-control study was undertaken to evaluate some factors affecting the prognosis of VWF. The case group consisted of 35 workers who had had severe VWF and whose VWF remained at the same severe stage at the time of examination in 1997 after the use of chain saws had ceased, and the control group were 35 members who had had severe VWF but whose VWF had disappeared by 1997. The difference between the two groups in the prevalence of the related factors was evaluated by chi-squared test.
Results
Out of a total of 496 workers it was possible to follow up 488 workers (98.4%) to ascertain their current states. Fourhundred and eighty-one (98.6%) workers had retired from national forest work and of these 124 (25.4%) had died by the beginning of 1997. Table 1 shows the cause-specific standard mortality ratio (SMR) in the death cases from 1975 to 1996. The number of expected deaths for each cause was calculated on the basis of the person-years at risk according to the corresponding standard mortality rates. The standard rates used here were the age specifc mortality rate of Kumamoto Prefecture. The difference in SMRs for all causes of death is not shown. Significantly higher SMRs in patients with VWF were found for leukemia pneumonia and suicides, whereas the SMRs for cerebrovascular diseases and heart diseases were similar to the controls. The rate of prevalence of VWF fell continuously after the use of chain saws ceased, from 29.3% to a final value of 18.8% after more than 20 yr observation. The changes in the Stockholm Workshop Scale from the time the use of chain saws ceased to the last observation period are shown in Table 2 . Fourhundred and thirtysix (27.5%) workers who had been suffered from severity 2 and 3 VWF decreased to 244 (15.4%) in the latest observation period after more than 20 yr. But we should pay attention to the cases with severity 3 who remained in a severe stage for a long time. Figure 1 shows the changes in prevalence of VWF from the time exposure to vibration ceased for different levels of severity of VWF at the point when the use of chain saws ended. It was observed that the percentage prevalence depended significantly (p<0.05) on severity: 13% of the stage 3 cases, 47% of the stage 2 and 83% of the stage 1 cases had disappeared after 25 years' observation. Among the stage 1 VWF cases, 6% disappeared during the period of chain saw operation, 48% had disappeared within 5 yr after cessation of vibration exposure, and a further 7% had disappeared after 10 yr from the time of cessation. On the other hand, among stage 3 VWF cases, no case disappeared during the chain saw operation period. Only 3% disappeared within 5 yr after cessation of vibration exposure, and 9% had disappeared after 10 yr from the time of cessation. The time courses of the rate of recovery from VWF were different for moderate VWF cases and severe ones. Table 3 shows the course of VWF in the latest observation period from 1982 to 1997. Of all the subjects who had been affected by VWF, 47.0% showed improvement, 46.3% were unchanged, and the condition of 6.7% was worse in the latest observation period. It was noteworthy that 60 (3.8% of the total number of subjects) severe cases of VWF remained so even 20 yr after the use of chain saw had ceased. Table 4 shows the results of a case control study to evaluate some factors affecting the prognosis of VWF. There were no significant differences in the duration of exposure, the exposure period after the onset of exposure, history of smoking and alcohol drinking and clinical complications such as hypertension, as shown in Table  4 . 
Discussion
Earlier studies had suggested that stage 3 VWF was irreversible and this may still be correct, but there is still some debate as to whether or not earlier stages of VWF are reversible. Agate reported that in 36% of workers who already had VWF, the vascular disturbances appeared to have progressed rather than to have improved after the cessation of work 5) . Jepson reported that there was no abatement once symptoms occur even after stopping work with vibrating tools 6) . Stewart and Goda observed that five yr after work involving exposure to vibration ceased, 30% of the workers no longer experienced attacks of VWF 7) . Among forestry workers using chain saws in Sweden, a six-yr follow up showed that the prevalence of VWF had decreased from 48% to 38% 8) . In England a similar study indicated improvement among forestry workers in 1975 9) . Pyykkö et al. observed that in 1972, 40% of the lumberjacks in one Finnish forestry district had VWF but in 1980 the prevalence had decreased to 5%. They suggested that the recovery period was similar to the latent interval 10) . Pelmear reported that in subjects under 45 yr old, with vascular severity no greater than stage 2, it was likely that about 30 percent would recover to stage 1 or 0 if further vibration exposure was avoided. Older subjects and those with severity stage 3, on discontinning vibration exposure, tend to remain stationary 11) . In the present study the authors confirmed that the reversibility of VWF seemed to depend on its severity. Not so small a number of stage 3 cases of VWF were irreversible and continued to experience almost the same white finger symptoms more than 20 yr after the use of chain saws ceased. The reversibility seemed not to be affected by age related factors, smoking habits or by environmental factors such as cold exposure. On the other hand, in 47.2% of those who recovered, VWF had disappeared within 5 yr after the use of chain saws had ceased, whereas 12.0% of the recovered cases disappeared more than 15 yr after the cessation of exposure to vibration. The time course of the rate of recovery from VWF was much different in moderate cases of VWF from that in severe ones, as shown in Fig. 1 .
The authors conducted pathophysiological examinations of 13 subjects with severe stage VWF. Twelve showed signs of peripheral neuropathies in the upper extremities, and cervical spondylosis deformans (C3-7) was clearly found in 7. And 7 showed signs of sympathetic disturbances in the peripheral circulation detected by mean of a Laser-Doppler blood flowmeter. Carpal tunnel syndrome was found in one subject and suspected collagen disease (anti-centromere antibody 640 positive) was found in another. In any case, the reason why severe stage VWF is irreversible remains unclear, and further pathophysiological studies will be needed to clarily this.
